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> £ - * -y F ± tc f U ffl of ft£ ft r*7^i^ hJ ( tW * tf , 9 x 7 • ^ - i> ) tc » 1 3 r 

B * j * ff a (t7^i^h«, A gg » »c , 3yf^ , yii«ifr5iD5..a^*f) . 20 

X << y 9- 1 0 6 it , V\*r*! v *S a ( * + y *7 a • +J" - ) 1 0 8 * JR <• ^ 

r-y- trxfcf s j ) , 65pii^t7^fsi? rssfc-rj 8 s-k 
, n 7 r 7 7 # * * y -> a ^ r ie jm ? n j * < r.tt a 6 ft ^ o zmmtb 

icgf • ^-->' • 3>r>7^ r7i7f-j ( ft t> ^ r n a - F J ) LTtiP 

o ^Of^ijr^aVT'fc, 5Jfifti5gt)Ctxe.cD )|] il/i * III 5 „ 
[ 0 0 6 1 ) 

y-;l/FKOEI ( 0J A fcf . 8, 0 4) -PSi;6nT^5J:?l£; * -f y 1 0 

6B, *y K7-i'if I P l/^;V*Iil57D h3;Kc|^^T;l'-f-f ^ 30 

^ftJtfcfT 5 C t W nTteft Sfttfliyn -b y «k ZtDl&m. ^-f yf«, HTTP 

(fttflfiO) llt + t^fa (1 0 8.) 'xJg 9 0 <D M m * it 8 *f 7 * y F 'Nig 

its, c n tt , ia«5H*>/xfi 1 7- + f ^to-ooftsri^ ^ <d 7 - * 

[ 0 0 6 2 ] 
[ 0 0 6 3 ] 

* )I & * + y 5/ 3. it ffl 58 rJ 8i T* & !3 , f ©*fr>a^ffl^5 77 7f $5^liiO+ 40 
+ 7 7 a fct , 51 fl ft * <D * + y 7 a *\ m < <fc 5 K W 5S tC «| $ £ ft 4 o C <D m & > * -V y 7 

a « % 77 7f©7n^-> •x--7iyhtlTMl, £ 2 lt&#* ffifc L , <& 

Bftfc*tt»«'»J--^'\fi#*K2S1-S. Ifaffl* y -> a tt, LtfUfcf, y-h*x-f 

ft ^ , *t>*#ft7 , P»'>'-t-/<0*«B*Tife*o ( y- * F , l 6-1 7) 

[ 0 0 6 4 ] 

m m * + -y ~> a (4 . * y F 7 - ^7 & SS K OS ^ ft > 7 7 7 if »c Hi A ft ^ ^ ^ ic m fig -r s 
o I S PRU&M't'y 9$->m®K*tLXlt, m®®f$.tf<ffZtiZ 0 Cftfi, 7^f 
J' + tv'/a^ai^tJiHIlSinit, a - -if • tf#-F<D£ttWftBf«tf-9-# 
-KOftS^R/htcftSfcfeT?**. ( y - ^ F , ^ - i? I 7 ) 50 



JP 2004-504681 A 2004. 2. 12 



[ 0 0 6 5 ] 

tryi'ili, 4 + y S> y 7" © *ij £ % « * ic f 5 & . M SB W K * Si f 5 ^ f T $> § . # 
3 Ml © 31 mm T fct > ^^^f^fftlf^SLt, 3 > r > 7 © IB * * * \ y > a • - 
/<? ^\ # < J; 9 K -f 5 & B $> 5 o i§ >i *g $ ? , 7^7if£ffS;£-y:-fK, * + y a © 
*JjS*i'7-{7J'Hcfi«t«CtA , ?S5. a - If » i 10 fa £ * * y * > 7* © « ft & f# 
5. (^-;bK, ^-^1.7) 
[ 0 0 6 6 ] 

£3S©£»TMi,'Sii«ft7*7#if89:£*fl , UT, & 5 fc> I* * 9 h7-7±<0jlft£&4> 

© £ fii , 7*77if©*#4*y h7-^*4i*t'flL 1 a - if © P C ^ > X h — d> 10 

snfc^frifaRSfcax^v^x-rsa-x-f uf ^*i«LTi>5. /^^fwy 
«ftea»**<aai:"r*. c^-jh*, 7) 

[ 0 0 6 7 ] 

y^yy 0 

-*+'y->a*^-*-CfcSa»©J:3telllJ*U* * > * - * y McS-3<-r^T<DiIft£ 
* * y 5/ a 'sftttS C £ #T*£ 3„ C n ft . 7*5 91f ©»£**f i: L 4^aii«"PJ6 
9 , 7 =7 7 if £ S Wi T Si! © * + y > a fit , * * y a © K % -3 ft V> , fhTfe 

jpj ft * f# § o ft £ fit . +t'r/atf(4it5-yxfA*K foyy-xov^efrt*- 

r -< y 7* fc »J ft n fif ft 6 ft l> C t X' tb v > * + y ^ a It * y h 7 - 7 © ® m±^f °f tK 20 
ft«»K4S, ^Ftt»cS-5< ;l/-r-< yy*f73WX5ft/V-*HJefii, IICHTTP (T 
CP #-h80) II^ + t'^aASt, £&L/"cii£&Cti^*-y->a£a[5]LT\ 
il^lg-fy^-l'v h *\ 3£ 3 C i: tc ct o T 4 cti50|ISiO^<oA>%8/M8i:t5 
„ (t*-*K, <-*>l 7) 

-»^ft*yy3>i:LTfi, -f > £ - * y h'\* + 'yS'a**:'*7x--X«tt"r*l/ 

4 /s'T-y^^ffl^SVO^ft^S ( El 4 # »g ) „ g| ft ^ 7 /V -r * 7 (Al teon) 
, 7 7 7 > F !J . (Foundry), 7D-)j?OK(A r r o wP 0 I n t ) , t © ffi 
tCtotlffiSnT^^cne.fflX^'yf-IJ, ^vhV-fil^B^T, I P U ^ ;!/ * 
SA^yDh3^(cS^H^T^-r^yya^^?7 0<:tA'SBjftgftiS1tftg7 0 a-tr-y+rT^ 
5. ^ © IS H , X 'f y f - fit , HTTP It** + rya'vi!, 81 0 © j§ 30 

l^fg-fy^-^'j h^iM ft "T §0 XY'yf ttHTT PCS*%»|lrlt, f L T * 46 
•6 n U R L(C«r3^T*+'y>a«Ji1»1t3£«D/-KKa**aS5Ci:*<1»t*. -f > 
r U y* x > h •X'f y^tffl^iCiti^T, ^ B ft ^- y h 7 - y ii ft * * + y a 

7r-i»J:OD-F*»Et5:i« , T*«. ( ^ — ;l/ K, ^ - v 1 8 ) ( c n S ftt f 

-aitttc»t«i5-o©!t^s/3>i:LTtt, f iT'-ttf '/a • 3 y h a - ;l/ • 
7*d h3/l/ (WCCP) t'fel, WC C Pl^ '>X3'-/Xri»X (C i s c 0 Sys 

?rttc7x7 • *tV'>3*H«i^>'Xb-;l/t5<:J:€:Rl ti tc f5 0 wccpSffl 40 
^ n tf , HTTPiiA', % ft - /s' © ft 0 tc 7 x 7 • * + y ^> a ^\ |6j It f C t T 
t 5 . WCCPti, ^7 F7-^ • 7-*f^f tlcifettSf I^^Iitf, 
7 • * t y ~> > ^ © H «r ¥ KG ft 1" § „ ( 7* - /U K , <*-i> 1 8 ) 

-7x7-7py->gii^m7ah-3;l/ (WPAD)li, iL < fS^?ti/cS?/a F 3 
/K'$0> 7 7 7 If , XMJ-i>7'^f^7^7-f7>K ^LTlOO?-*7 
h • 1 7 y Y • V 7 h <? JL T t m-g; t 2> £ £ £ ? T . **Sa-ifo»£*ig»Bi:-e- 
ft, * y h 7 - 7 ± co ^ + y -> a & tf *r - e: X * 13 lb W E o it 5 <t 5 ic r if ^ v ? % 
C il ft T* t 5 o WPADIi, ;l/-f ^ VT'JiS^ttX'f 7f y^SI5:ffl^5S#o*t 
y^aaiifltt(c±4»»5tRk:Wr4, * «t ft , f Lt^v^-lcfFiji^y? h f x7(0i 
RK*««t«. ^*fa(C, WPAD^figfflpJg|ft^7-Y7>h • V 7 h 7 x 7 (i , ffiJS? 50 
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h 7 - * .• tf - tf X'NaUWKBRf § C £ tc <k o T . Ctl 

6 O -9- - if X * 11 « f * * -y h 7 - » 11 « # i: a - if i; o p 75F »<: *.»g * * ffi « f S o ( ^ 

- ;1/ K , ^ - V 1 8-1 9 ) 
[ 0 0 6 8 ] 

^t'ry^yv'XfA^ffl^SiitiaoT^ fi7 • tf - a • tf ^ hottue^SjiftL 

, ^xtf-tf7^tf(C<}:§a-tf(7)^y^-^-yh • 7* t X«rRlCt « C fctfT* 5 
oJM^l6]©7 p n^'>^fig»ctji/>T{i, * -v >y > > x t h tf , - o J-X ± © 7 x 7 • tf - 
© S3 fC ffi B U x-ft6©tf-^^cDS{t£^4>T*}S6*TX£:/K'<>'tc&&, T&fr 
^-oUiWt-MOftfflt^So * y h 7 - f 1*3 K 4=- * >y */ a • tf - A % BE B b , ± « 

• * -V y is a • tf - X tf , 56 ffi tf - tf P> , © (ft & , f LtiOfi^ftavf 

5 o thli, ^-rhfr6<D3yry , ^ > SI d tf - A © ft *) D - * )]/ • * * >y $/ a tf 

saiks-escfctf-ess. it y v-x£gfl£j t , ^®tf-/^%^w 3 yf- yy<om 

vfyyO|«4a(;-*S«ti. (?"AF, - J? 2 0) 
[ 0 0 6 9 ] 

-*'yh7-^3ifgrt©&f§;}WyK *'yh7-*i§(8©;*:£&tfjljai-£ffiffi> ^ © 
fc «6 fc * +• v f a • tf - /He oj K t» h Z> d - y 3 > 3 0 cOidftttBrfcEB-rft 

tf, s*K:iHi»3ftTLS3<fc3*ffl«»cffifi?-5ii£K:jt'*, & o §■< <o 

- ffi * v F7-^liSi*^>F, afttf£^#»tt,'J:9»^*+'y$'affiffl**pJf)6K: 

-*+V>aK»UT«*O|iWWI<JJ$*a-i;*ny-5/3> 0 >y a • t-yh 

* tf 6 a - tf f ij ft £ f# 5 t « fc , $ ft ± ft © tf -y h • U-hB**«'>S-i*-**^>h 
tf » 7^-bx-^D/W^ic, Q o s fc tf s f ij ^LTSKttopi^fcfflflti-s. c 

- )\> K , ^ - ->* 2 0 ) 
[ 0 0 7 0 ] 

iin5©#jS^f|ODy-->3 ftgyWtc, #©fc©£#t?±g&-f;/£-*>yh- 

P 0 P R tf * 4 -Y >l 7 v 7 ( 7*- ;1/ h\ < - 2 1 , 0 7 £ # 18 ) 
NAPS (y-*h\ ^-^22, H8«#H) 
ffi S ( 7* - ;I/ K , ^-->"2 2#PI) 
.HIHy-h^x-f ( y - ;l/ h\ ^ - >>' 2 3 % 09^11) 
7 x 7 • * x f -r y f ( y - >l H\ ^ - ^ 2 4 , 0 I 0 & % m ) 
7X1-7^/1/ ( ^ - ;1/ K , ^ - ->* 2 5 , g) l i * # ) 

& hi y - h 7 x -r c y - )\> k " ^-^2 5, m \ 2 zmm) 

[ 0 0 7 1 ] 

* & huc £ it %mi$<D&mttm^%.iz . tmcomwfrz, ->a%Eit^ 

tlSl?:iItc^i65Lt^f?§ 0 - IR W K , # 8* 88 © * -v >y -> a tf , HWny-r>7 
^*lttt?. + +-y->atfS)§iSm(cgEH-r-5, $>5^tf, >fy7lcWt §S** 

[ 0 0 7 2 ] 

02 tf, iWSaV$§i,SilW3>f >7t^t«a-f ogf ^if©j;9ic + +7 
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[ 0 0 7 3 ] 

$-CXf ^ 2 0 2 1*11, ^7->'x^ K:Wt§a-f OSSlc^LT, * * v "s a. « 
> ? nft* 7 ">*x ? h t 7 a (*3 C ^ if 9 A^WS t 3o & ^ ( N ) *J§ tt 

[ 0 0 7 4 ] 

<y ya • ^-/^taia-r^fcfisuT^So i&«g#*ifcffesg*., *sg*> y ya 10 

5 „ d - * ;l< y - X *» ?> Iff m * 7 x y 9 t fc & > * y y a * ft £ ft 3r W 

ft # T < t fr, Uf 5Tfe545>, £ ft «WBS#t50^i&ftJ65. n - * ;W • 

o 5S K , P - * >HC « # £ ft T V> 1^ ft ffl <Z) S # «: , T^^-y->a • 5XJ t LtiJDT' 

<& * o ft # w £ 7 ;w 3 u x" h ft & < r -*f -r y ? ft r ^ ft «\ * + * y * • t y h o fit * « 

frft 0 a#X. (Q o S KB8f«) a-ifg#^©ttf|±-<DlS«l$|»fcJ:g'>-r£. £ 6 fc 
, a - A ;V * + y y a L tc 3 > r y V (C <fc o T ffi fz <* ft § t ^ X <D ft ffi g * ( 4 -v y y 
a 't»/H tt, H^* y K7- 7 ±«iifl£ S fl-S*yh»7-*±©l& 
St^P«S<%5o 20 
[ 0 0 7 5 ] 

S 5t< * 7 y" x -7 h * + y y a fc & 5 if , # tc X r y 7 2 0 6 X , g#:*7yx7b 
$> ft ? * 3 t ff IS t ft X V> S ff d * W £ f £ . f 9t'«5 ( Y ) « £ (4 , X r y 7 

2 0 8 k«^t, tr^inw rgi^Hj ( & ft k u i 1 y y y a £ ft ft * t e. g a 

LfcfciB) its (*©^-y*0*3fc©tf-><# T T L *tB£ LT^*t§£* *-^i:l)fi 

ffllS'ii^/^d'JXA^ffl^T, * «y y a • 3 k° - % g #f t 1 f , feS^tia- 
S * % ffi t Tz tb \c * ft * m ^ § < t ' *^ i: 5 ^ ^ to ^ -r § o 

.[ 0 0 7 6 ] 

S * * 7 y* x ^ h jfi * t y y a lc fe'O > 1WT*5 ( N , 7-f-y 720 6) , * 30 

t -y y a -ntr-OTTL ( rwa&JHMJ ) ^OgJl^Ptgj; 0 '>fc^fr if 9 A^X r 
v72 1 OTWStS.. 
[ 0 0 7 7 ] 

* -v -y y a ■niJ-OTTLtfgiBffliOt.^ft^ ( J; O * ^ » ) T**5l§ ( Y , 
X r -y 7 2 10) ti, r^if-p^^j X -f «y 7 2 1 2 lc fc ^ T . + t7->a«, 

- ^- 7 y x ^ h (0 7 1 -b x m «• « ( s » o a » , iii ?s w w ir.1 ^ <d 'it fa w rq sfcoca-tr 

S^a) ?:Iifi L> fit 

- <0 ^ - ^ 6 ^ 7 y x * R7i7ft5, 
[ 0 0 7 8 ] 

+ t»'/3 • Ol i@ B» Wl (C m L \t> , 5 ^ tt 0 ^ 1 £ ( N , X r V 7 40 

2 l 0) , rflifTfeSj tf^, Xr-y 72 l 4 K *5 ^ X s ttr/aS, 

- * 7 y x * h£D7^XfJtItffi£g|/T-f5„ 
[ 0 0 7 9 ] 

^•>3yiLT, * + >y y a •3tr-£D|8^f3#F 1 BtTTLi:<D^<DR#FigSA' ! ffiSC»B#H 
<fct)fe'>^<, ^oS3fi(Da.--9 t S5|<aAMiJS£O^J: t 3t^l/^^a, rfi^fcOj 1? « 
» § ^ r A % ft X ^ J t * A , * ^ >y y a it - & * 7 y* x 7 * * 7 x <y ? ? % its 
c ft a r ^ sy V 7 U y y a J £ If tf ft S o 

[ 0 0 8 0 ] 

J5t, try>i* s t-/^^t7yin^7i7ft5 ( X r y 7 2 0 4 & Xf 2 1 50 
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2 * # m ) fiK, X r 
a . ( 09 * If , W SO £ 
7 x «y f - # S ff 4> T* & 

b. -9- - 6 * 7* 7 

c. t> L •?•©+ + 'y -> 

d . * ft ffi *t> IC , * 7 

& 5 c a m ff -r 5 o 

e. 6 

f . t L * 7* 5? x * h 
ft5, ( * 7 -7 x * 

A-E) frtbMtRLfc 
[ 0 0 8 1 ] 

a . m±m *> «* ( P 

© * 7 -7 x * h # g ft 



7 7 2 1 6 £ *3 1,> T , *-VyS/att^©«a».*ff5o 

a-lfBjfctffcofcfcj&tc) P) i; * 7 7 x 7 Mc*fr**>3— 

a • 3 tf - # £ f 5 * 5> , 1 1 IC 7 x 7 f I T A 1 5i t 7 V s x h 
o fr* *ij jg "T 5 «> e it K 1 3f£ & , llrO*Vyi* HcioTl 

7x * h (¥ffii$M»fc b ©£fttt) *U»lfttl> 

SOKIICISCTTTL (T) £8 3 fettle 18 
6»Jgtfe) ¥tt«IHIMifc D ©a-if g^ifc tj , *LT#©fflS ( 

o ) o cfttt, ffi«to«f[HW*ia*SWIHIK:fci/^T, *t T S * * 
L fc * * -y '7 a • 3e-*ffl^T»/SLftIf a©, £ g # s k » 



I+Jl 



10 



20 



[ 0 0 8 2 ] 

B. a 7C K 0 * (n„) o C ft Ji > ffilOIJlW^Sili B$ H ic ^ T , 2* JS 1" 3 * # © 
* 7 7 x 7 K tfm. it t fc * + >y i/ a • :?e-*E^T«;fcLfc¥ffilSH3/'c')<D¥£®* 
R T * 5 o 



1 + 



1- 



w 



n J 



[ 0 0 8 3 ] 

C . l^Ig ( D o ) . C tlfct, t7-^ini.fci, tt»ya-3i;-OiJ71/> f y 



30 



40 



[ 0 0 8 4 ] 

d. t tfg t fg < ft 5 ±ib (a, b, o (om-ento h 5 ^(1, 

[ 0 0 8 5 ] 

E. T%TmintTmaxt^«tfrSS^J i<03t^OiffiirtlCift5±§2 (A, B 
, C ) ©*§£-t* 0 
[ 0 0 8 6 ] 

±1373 SxC tC (S , %<D/i5 * - 7 *ffl^T^S, . 
T 1$ , iW*7^x^Kc3tt5WHfflT'$5. 

w tt , * 3i5 © * 7 -7 x 7 h an a ft t r *» & © ( r & & ss^st) am<ommr h z> 



50 
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nit, ¥&B#Ha tt <o ©a-ifg#» (mz.tf. mm) 

Po ttl*»5» , *T**. Cfttt, tt*©«*l«W*iH*.*B*IBK:43l/*T, «J6T*** 

ij 0 «**iRt>*"c**o ens, tt*o«fniiw*iaAs«pMJcfev^T, *r *s f £> # * <o 

IT'S 5, 

D 0 tt 1 * S S T* * 5 . C tl tt , * 7 ->* x f h g ft t , + + >y -> a • 3^-0'J7^y> 10 
a fcWBfl© T^ISM T'fe§o 
[ 0 0 8 7 ] 

[TTLOaiRfttfWB] 

tt , ffi ft '> * r ;U , t * t> % » B# IH t © IS tc * 7 s> x ^ h & m. it L ft f fit * £ S e - t 
/rffeStt^lS. t='OK»LTIil t # + ( oo ) (c ft 3 fc o 

noicsfio*<„ 

[ 0 0 8 8 ] 

* + -y 5" a • 3 tf - © U 7 U -y > ^ ^ fc It 12 L ft # & , £ < <D a - If B # £ 5 tfli £ *f 

ttr^li, a -if »c <fc o Tffl?n«ff, £IW W ft MB ?M *r * 5 • 20 
[ 0 0 8 9 ] 

?t, tf/HD-ltt, Wfc* ffStO* x * h <0¥*5S*f*fi*M / t T*£ 3fr if ? 
frSfi'yytS. p c 0 (t) * , UIBt K«oTk*'S!fl:f tt«. tt 

$ ± s 



( [ 0 : t ] CS^t ktlttfibSMftt, OkuiOHKgCoftk - I SSfcOit* 
©utcjS5«I-e$»5o fc ^ 5 © tt , u t u + d u t © M T g it h -i tc , u + d u i: t 
i: <0 M K tt g ft W ft fro fc o ) 

[ 0 0 9 0 ] 



ZLTs k > 0 L T , 



Pi = f^. 1 («)(l-e-*")e-"-* ,/r = [pUu)^ 



30 






[ 0 0 91] 

ST,.t«PMK«*¥^«{b»»4 (¥i$©Mfr 6) & <0 «fc ■? left 5 . 
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r 

[ 0 0 9 2 ] 

[ 0 0 9 3 ] 

T£K 

K 0 fit * fit . **©"9--^±0*7^x* htff <U, * ■* y > a • atr-j^ffiStO^W 20 
w*a^S/£»iS^lcfe«lfc.6f, a-lf * v 5/ a '• :n£-£gfl-r6i§£cD 
>f-->'TS5tSit5, 0 3 11, (*¥tt*^*^f) P*S *f T 5 (ilitf/^- 
■b > T - i? * /5--tyf-^'l7-?^T, fPJ A fit\ W=l 5 s, r = 6 0 s , 

T = 3 0s o #77 It. W ® * M Z % ft f$K ft ? 5 * * v i/ • =i ¥ - ft r ffiffi ? % ^ 1 
fit * £ * "T o 9 <7 7 > W fit 1 5 «>. T 5 16 , 1 © 6 1 5 # CD fH <0 fit * fit -tf P T* & £ 
c fn^5, fit* fit, ^???O/^-> 3 0 2 Titfi7i7?*^?5tt ( T = 3 

os) , -r*t>-63os>$T*ii^:-r-5„ cco/**->fit3 0$c'i:fi:*S!j®-fo 3 o # . 

5 4 5 # CO H fit , fit * (i n if -tf n "t? U , B7 i 7 ? AM 5 it-gi: « 0 ft 6 , §* £" 
£" 5* CO # - y 3 0 4 X' Tjk ? a o K , 6 0 T'«^t S. 7 5f)fr&9 0f)OI 

Kt>»« f ^rtf«'o^^->3 0 6-era«ois««^-r. 30 

[ 0 0 9 4] 

* + 7 •> a # - m rs m x * 7 s> x * h co 3 t° - % h iff t -5 <fc 5 t -y- # - htsttnif, 

B# P^ [0 ; T ] K«*f]-W*fT5ci:tf?t*. 
[ 0 0 9 5 ] 

a > r > y * V> H M <D ¥ £ 1$ M E fit , 0 h u <D ® IC fit m it # & i tz s u 6 u 
+ d u CD PbS (c g ffc tf h i fz 5$ ¥ <0 % -T-^TCOWP^ [ u I u + du] K « 3 ft fc , W £ ig A 

§ /-£ «■ s ^ s s a > r > y tf ft & -f § m m * » ** fc t <o t & s . f 4 t> s , 
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£= rr~ g . ulT du {T _ w _ u) 
Jo x 



Q T X 



e r + l-e r 



T-W > 

J 



10 



£ = (7'-^)-T(l-e ' ) 



* S <^ tt , 
a = 



£ = r(a-J + e; a ) 



20 



[ 0 0 9 6 ] 

Ctl^f), R 0 St * * & CD <fc o IC m ® f 5 C £ T* * 5 . . 

?err =- = -(a -1 + e") 
T T 



[ 0 0 9 7 ] 

F(a) = 2-—+a-l + e- 
6 2 



30 



[ 0 0 9 8 ] 
or 1 

F' (a) = - — a + l-e- a 
2 



F"(a)=l-<f 



40 



[ 0 0 9 9 ] 

F ( 0 ) = F 

a2 ff} ^ t . -a, a 2 
-———£a -I + e < — 

2 6 2 



( 0 ) = F " (0) = 0\ f LTa> = 0lc5f It F" ' ' (a) #75 
F" (a) , F ' (a) , ^LT^ffi^tCF (a) ti«t$5 0 £ <D tz 
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a> = I <Dfr-X\c1titZ* iDg^, Hott^T ^IBBtf dtl(i»tt^V>^- 50 



JP 2004-504681 A 2004. 2. 12 



X (T-W>=r) T'tt&^o tfc*<t>T, 

2 



2 l> 

a a 



<£<r- 



7-12 6 J ,,T r 2 
[0101] 

ffift<Pg*Q«»*«KfS«:*:TT L 

Perr £ ;?0 <=^ (a -1 + e'°) <p 9 



T 2 



■*P. 



10 



* 2p 0 r 



<=lVZTZ(W + r p 0 y 



1+ 



[01 02] 

IfcA'oT, ft g 5J m 4 T T L. B , *»i7K45, 

-I 



i + 



1- 



If + r p 



0J 



[0103] 

ffi«OiS0»%ffiiE-rS»^TT L 



20 



30 



v "J 



i+ 



i- 



s2 



40 



[0104] 



JP 2004-504681 A 2004.2.12 



1 + 





f 


y 


1- 


w 




JV + T 

\ 


n ) 



[0105] 

&m<d -t t newt z>¥i%mm 

<D, f ^IgD%#it§L'tlitfflT'$S 0 ff, 0^6TOHO«PjSiuK:Sfk«<jec 10 
•3fctt<D¥£)«3£T-$>3<At(u)>£!t»-f&o 

< A/(t/)> = y j| dv(v-u) 

{T-uf 
2T 

[0106] 

CtlA^, [ 0 : T ] KiStjTutu + d utOBI£S(ki5'iBCrjft(l*i, < A t (u 
) > 6 ©£«#-f 5 C t \C .£ o T, £f*Wft>I® <At>5ilt5Lttf 

T'tSo 20 

7-u 



•i? e ""'((Tj'"'- 2 r r " +2 t^ 



30 



40 



< Ar > = 



[0107] 

< A t > © It * U , [0 ; T ] ft tc *s ^ T & it if & r> tz C t Z # it L T ^ ft ^ ft 46 . fS 



JP 2004-504681 A 2004.2.12 



< £>t > 



-Tlx 




10 



a 2 



-a + i-e" >0 



T- § fc 46 , 



1 



r 2 1 rrV 



T 

T 

1 I 



i- 



r 6 



20 



2t 

[0108] 

D % D n (C »J |5g t i> tc 46 , T T L * i 5 (ClKt^fl t*5 
1 3" 

D<D n => r-iA 



1- 



£. 6 
2r 

T T 
6 2r 



30 



6D, 



1 + 3 



CO 1 0 9] 

± IE 0 R 3B 5 

[01 10] 
[* 1 ] 



^©i»rRO'W!cMt5> tftftOR K> IfJtT T L (T (s) ) <D 



40 



^= 15s,t = 30s. 




T(s) 


&rd%2 


D(s) 


0.1 


15 


0 


3.3 


0.5 


17 


0.4 


4.0 


1 


18 


0.8 


4.3 


5 


23 


4.3 


6.2 


10 


27 


7.8 


8.2 



[01 1 1 ] 
[« 2 ] 



50 



(27) 



W=15s,t = 60s 


Bam 


T(s) 




Pis) 


0.1 


16 


0.1 


3.1 


0.5 


18 


0.4 


3.5 


1 


19 


0.7 


3.8 


5 


27 


4.2 


5.8 


10 


35 


8.5 


8.2 


[ 0. 1 1 2 ] 

im 3 ] 


W= 15s, X- 600s 


Bam 


T(s) 




D(s) 


0.1 


19 


o.i 


3.2 


0.5 


27 


0.4 


i 4.6 


1 


35 


0.9 


6.0 


5 


87 


4.8 


15.6 


10 


148 


9.3 


28.1 


[0113] 
[* 4 ] 


W= 1 5s, T = 3600s 




T(s) 


o^m 


Pis) 


P.1 


29 


0.1 


4.9 


0.5 


62 


0.5 


10.4 


1 


99 


1.0 


16.7 


5 


389 


4.8 


68.5 


10 


749 


9.3 


139.3 


[0114] 
[3t 5 ] 


JP=7s,t = 60s 




TVs) 


Bm 


D(s) 


0.1 


7 


0 


1.2 ! 


0.5 


9 


0.4 


1.6 


1 


10 


0.7 


1.8 


5 


17 


4.6 


3.3 


10 


23 


8.5 


4.7 


[0115] 
[S6 ] 


>F=7s,T=600s 


Bom 


T(s) 




D(s) 


0.1 


10 


0.1 


1.7 


0.5 


17 


0.5 


2.9 


1 


23 


0.9 


3.9 


5 


73 


4.8 


13.0 


10 


133 


9.3 


24.9 



JP 2004-504681 A 2004. 2. 12 



10 



20 . 



30 



[01 16] 

± ib <d m m & a , 



50 



. (28) JP 2004-504681 A 2004.2.12 

[0117] 

rfr$T*&l>j (WiHiSO 45»$B, WttTOT (s) 
M) <om\ctt tTtt*'KWC-tf n tf> T (s) © k # o T , *g l& M $ W M Stc 
jSUTtiipt, &ffij6Ki6-3<Kja^lOO%©x5-0tt*K«iST3o T (s) © 11 
#WttTfc81**W?>«*#H?nT?«;5fc^7C©ffij|fcJ:, W«fcDt>#5RK:Mfrf**6 
If ffltf W.<t ►) £ < ft § c i: fi & 0 ?# c £ fiBfl 6 Xh 3 fztb, r&fflftj ct 

XhZ>o Lfr'L* W*gx§T (s) ©ffifc|flLTti.-KD«*©lia8fti£iinK*fUT, 
T^MiffHWrA^ ft t> © fg « $r ilicillWBfrT**. WK»t5¥i9HrIW 

i*<*f ithtf^f ^sif., t (s) ©•©Jiinfctt'rsK&it*©**!*, ^nfc'tta 

^^T'$l, 10 
[0118] 

0 4 tt , t © ffl 4r © ffi K-W t 5T T L ( g> ( s ) ) © Wl S t L T , |5l$Pe r r © it 

5 £ jj* 1" ^ 77 4 0 0 1*35 5 ( £ it K ^ - -fe V f- - S> ( % ) * * t ) ( W = 1 5 s ) . 
7Yy 4 0 2 lii=2 0slC, 5-fy404ttt = 60 sK, 5O 4 0 6lii=300 
s > ?LT7^>408liT = 600sKJtf5t5. 

[01 19]' 

ts* 1 , $-f> ^77 4 oooiMiicp 0 t*ujL, f n^e, ^77400*1 

91 o T zk J: T©ii^ftffllcWJfS-r§7J-7(4 0 2, 4 0 4, 4 0 6 *5 

«#> tt 4 0 8 ) $SitS^S"P,^l1'§o 0IJ * , l 0%©K»>fii*HH»*a«Ufc*£ 20 
, r = 20s(;StlTTL (7^^ 4 0 2 ) lUO^iH^^^*!/ 1 , r = 6 0 s IC 
*f f 3 (7^> 4 0 4 ) « ffi 3 5 9 T? > r= 3 0 0 st^t5 (7-f> 4 0 6 ) It® 8 5 

# T* , Htr = 6 0 0 slcWt5 (7^f> 4 0 8 ) liHl 5 0&T'65. 
[0120] 

-f > # - * >y M*)©j§=a"ftn9---> 3 ytiWfttflK^yf y70f;i()0*t -y a £ 
ill, f IT> ±tB©§KB3© £ 7 tt^j/aOBWnyfyyicWf 5BS4Ifi 

M '> 5 § t « fc > 'n 3# fc ft * y h 7 - ^7 (t4t>^^7^-*7 ± © S Jt * M '> 

[0121] 30 

J»-a - +f (1 1 0 ) ^aftT^i^^-^SSfltSiS, ^17^-^11, * 7" •> 3 
VHT, a-if ©7-7* If * y ottTfc«fc v^. * © ^ © * J&i a - if # 

f i7*^-^ic77txt5i:tli^-3fe, 77-7lf'tt7^-bx©g5t?i:i:t(i:^-7+- 
*&3o *>y*-(i, a-lf ^7 i 7*^-^©^^^*lcSty i: (/^ » fl K fin * T , $«N 
3.--*fKmLTy-'ltf%i9 fc^ tmts (tftfeSiaBktS) 1t « * - (1 0 4) 
tc£qp,-eSo l?Jxlf, 9 x 7" • #-^4Sia-->f©<@ AWft -7 x 7*^- ^T*& 5 

[0122] 

*m®(D¥fWl ICinii, +^-y~>i (10 8) 8 , ^-y^-^i^^T, g # © 7 x 7* • 

- # , *-*4Sa-+f©ffiAW^^-^T*fe5*^7*V *S^tt7^-fe^S*ft^o 40 

- /<? ;!/ ft * t% a - -9-- 6 * T ^ & c 4: £ * -y * - # * L X ^ § if 5 * 19 ^ 5 c i: T* ' 

6 5 v fi , 7^-trX©fi{c7x7 • ^-^A'^I^nSiU^sH- hJntv^ti^ 
C £ £ * t ffi © fg m h 3 ) yj7-^-75 + t7>'if'<?Ttt*V\ C tl 
tt > 'TTL = 0KRg i r5Cfc 1 t9TilSTS5, * 9 T ft ^ ( 0»J * fc£ , ? D - ;l/ ft 5)5 
JH a - +f T* & S ) « £ , TTL%*fc±t3©llW©J:9K:»je-r5o 

[0 1 2 3] 

* fi m n , HsnfcttosianwtwbTiiwuft* 5 , * a © ^ < © s { t > fs, fit 

m © [5 ffl pj m X & % c L A> L , !O^^I(J, CCJCOB^L/t* 58 Bfl © ffi |Jfl ft tc ^ 
ft Z> £ £ i&BM t> X $> & o 50 



(29) 



JP 2004-504681 A 2004. 2. 12 



:m i ) 

[0 2] 
[0 3] 

* 98 co ft ic £ 5 , ¥ $ M 0 W * £ * f ? 5 7 T- & % , 

[0 4] 



[0 1] 



/rlW 









<tt« 








.1 























[0 2] 



T V — ^ I /-j 0 4 



^206 



I gars, gfcttdter 1 



j ^2J6 

d. fT'Ji? K<t>*<LttIHifett«ft./*«T6 
b. *7'>x9 )«CIWfc*l'IJ£|ttWfc«Jtr* 



[03 ] 





302 


304 












•p 

x 5 


/ 


1 


1 1 









10 JO JO 40 30 40 70 
*B> (f») 



[14] 



r 




(30) 



JP 2004-504681 A 2004.2.12 



ffl A y 7 V -y hi 



H2)l.VIT.KNAnON.O.AmJC*UOK niBI.ISHED CMDMt VHV. M'fT.NT (XKIPKKATION TK*ArHr<:r> 



( f«) World Int/UmmJ Property Orginintton 
Iniemnnori*! Rnrc&u 



lOIIIlDllllDOIOIllDlinilQiniD 



(43| Inlerrutlitfiml Pubbcttwrt Dntc 
24 Jiuuary 1002 (7-4.0I.2OUJ) 



FCT 



f ln<«nt»tk»;H PwWlrtiioo Number 

WO 02/07364 A2 



(51) 1»«rt«U*T»l OMUriwiioo'! HIN1. 

H I) >ntcr»«tW \pj(k»6m N«-*<r KTALOUOQtt I 
112) inttr»*lltn*4 H»-hrfy THOI • 16417.3)011 

tl3> FIN*. IjMfpitftc: r JT B»k 

!7*ily2COlJll7.07J!«JO» US 



W mo**, ltol»t 



|TI) \fplkent(J> rfO •far^MttJ.Vtti,* /AVlt KPI.ICA- 

tkxx NrrwoRKs ltd inyiu jb hp^ si..4J34 i 

Tied ItuhiroiirU 
x (73) Im taunt »»4 

| 175) ImtoKM-l/ApfitCflaf (fir (.X ontvf: MTLAMXD, 
\ Skm •«! (UAth 3) &. w Si, 451» IW 1 fa»W» (It). 
! WCIO, Vna Hl^IL): 12 BiruiM St. 69121 TeJ Aviv 

i <u.x 



(SI) (>rt**al*<l .SUk* Mfwvltt AK AC Al, AM. Al, All. 
AX. BA. BB.BO. BR. BV. BZ.C*. CI1.CN, CO. CP. CU. 
CZ, DR DK. DM. DZ. HE. H5. n. CB. CD. CT. CI t CM, 
HM. HI. , II ), II. IN. IS. JH, KK. ICO, KK KX. K/. If. I.K, 
IK. Li. IX I.U, I V, MA. »l>. kKJ. MX , M.N. MW. MX. 
M2. NO. N2.tl.rT. RO. RV. St). Se. SO. SI. SX, SL, 
TJ. TM. TR. TT. TZ. L'A. UG. U3. VZ. VS. YU. ZA. ZW. 

{Ml Dtsifutcd ^tawfc; AKIPU piou (CH. CM. 

KR LV MW. MZ, SD. SU SZ. TZ. ITr. 7.W). R " 
rMMi 'AM, AZ.D Y. KG, KZ.MD. RU, T7. TM)- E 
p««m I AT. Uli. CU CX, Pli. DK. 11. 111. till. UK. IK. 
II, I.L. MC\ Nl, PI. Sh,m (1AM (wkm I UK UJ. CK 
<*l. f:», t:\*,tiA.<IN. (ftt, Ml. MR. NK, Ji*> 11). Hit 

PabmiK* 

k'rrAtvf iMenuiitmat «*ivrA ttptrt W to Ar rffttMahnl 

Tot n c-leotr teJrt ead other Mrtriaitm, rvxr to the 'OosJ- 
ww Mm* rn f 'mirt 4>«/.<*tovri»*»m 'e/ftart^ at >i* 



I (74) *tr*fc FRIKDMAN, Mark, M., Riit WmttrfT, 7 ML... 
J twin Sc.. tTW97 T«J Avir «IL). 



(34) THk: BAMDWITTIt SAVINGS A>H5C>x$ DtPROVPMCNT POR WWW SITCS DY CATCI ITNC SfATIC AND HY^AMIC 
^ CITNTTiNT ON A nfSTRITHiTTiD NT-rvi/WK T- CACKP.i! 

< 

(57) ANrsct: Cathes am <fiij»>«l mi iho tittenict fi» «ttirai F urn) uiAbthic ci>pn «i(ija:U lunns «t>Kii»U- amkal l^L*c 
thnrxltf ul" ihr ifricc* .»c ilrtermmtd. ml J ii"ir •» |i« TTL » |xtr.<merrt K» the ot»>t U is .iili*sMl ta*nl i^juk rhr iqxL«f 
cbarwiwliiwi. Uenwallv. d< t>pjec» a nfdacJ il HiTI'l. '» kr» *» in ipc I l«TI I. in cttfsci nay He #d)uSKd w » i » mimuin 
P |«nK*h»)it)' ot'enw Ixkno • r*tdctc»i>iit*d cn.w pmhjhiliij )hior«vW. (ii i miinuiti it* tn»v- nrc hcJo* ■ Jcio m mkuJ cji\ir 
^ IKioIk*), lit <;u > ,«mu;„ tkU\ liim. I«lww - palrlrrnina) <kby iJw^Ju},! Pwfc,*!,)), ike t» bo «« ik|lV» a l 

^ nutcbim atxl we ptarcd »o th.il V\'e6 brow una fro ret throtyh th» rscho intuad ot jtomi all the «r to tk« wiimI site*, in mav 
2 tS'itwcw )oc»«»cn*. kl-ajly i)k rwwrk o( ISP* r*xjvicfin* tfw Intcmci towcciKirt to l^c techtP fwi«6if of w:rs iron; 

Uat«K». In thU mawa the B*tt* «>e" lh,ng ISP« mJ. in • kuci c\Mhl, ncSjl.r»»mg ISPt. will enjoy 3 k«< 0>S aiul sjwet) »in- 
Q pnKcataii- 6* moM <rf ilu tritlic » ill liny -wiitiin iw rliwe lu the ISP*' int«»ntiJ '«hturA> it«I im nasi In j?> ibw^ tte)ii)Ji|> -kmlcd 
^ [rucnwibockbotw; and the oojcinis) wc> mw wj|) <y» k»9<rB«ed ai mue k bondwdth. ime« ih«caeh*» will ab^vbflwi »l tf« k«*d. 
^ Th« ivtltm cm ad^K. i* real lis*, oexoiibiv to ihf Dt««bo <rf reqwtwi to cadi r«t* nod Ibe achn) tpd«»« bttfiKtuy of the w «. 



(31) 



JP 2004-504681 A 2004.2.12 



PrT/TL0|/O06.M 



BANDWIDTH 3AVIN03 AND Qo3 IMPROVEMENT FOR WWW SITES 
BY CACHING STATIC AND DYNAMIC CONTENT ON A DISTRIBUTED NETWORK 
OF CACHES 

5 T ECHNICAL FIEL D QF THE INVENTION 

Tlws invention relnfes to the storage ami (nutspurt of informal ion on an internet and, more 
particularly, to caching Web-page content on the Internet. 

10 This is 3 wntiniwtioo-m-part of commonly-owned, copending U.S. Provisional Patent 
Application No. ovV2l8,559, filed 17 Jury 2000. 

BACKG R OUND OF THE INVENTION 

When two or more computer* are connected so that they can share resources, this is referred 
15 to as a "network*. When two or more networks are connected together, this is referred lo as 
an "internet" (lower case 'i'). The "mtemeP (upper case T) is a o gtobal. internet, which is a 
plurality of inter-connecled networks, all using a common protocol known as TCP/IP 
(Tmnsrnission Control Protocol/Internet Protocol). 

20 The World Wide Web ("WWW, or simply "Web") is a set of standard? and protocols that 
enable the exchange of information between computers, more partial laily rrypcrtext (HTTP) 
servers, on the Internet, tying tbern together into a vast collection of interactive multimedia 
resources. Traffic across (he Internet passes through multiple "backbone" carriers, such as 
UUNet or Digex, which forward the signals fo one another under a system called peering. 

25 

"Quality of Service" (QoS) is a measure of the speed and rel Ability with which Information 
caa be transported from a content source (typically a server, or an Internet Service Provider, 
ISP) to a user's computer (upon which is typically running a type of "browser" software tJiat 
is used Do view content). "Bandwidth" is a measuremad of lite volume of information that 
JO can be transmitted over a network (or a given ponion thereof) ol a given lime. The higher the 
bandwidth, the more data can be transported. Latency is a measure of the lime tjjat it takes 
for a packet of data to traverse Uic Internet, from source to user. 

Bandwidth con be increased by insttdling new capita) resources, but increasing bandwidth 
35 only indirectly eddrcsse? latency, and increasing bandwidth cannot accelerate overloaded oi 
slow origin servers. Other solutions are needed to overcome these barriers. One solution, 
caching content, is discussed at length in an article entitled "Network. Caching Guide, 
Optimizing Web Content Delivery", by Michael A. Oouldc, March 1 999, which is available 
online (via the Internet) at the following address: 
40 hHpyAvww.uuWmi.TOia/piod\jct^ 

A tcxl version of the article is available online at the following address: 
hirp:/Avwv.gc<>gle.coni/search?q^ache:w 

techjesourceVtech/cachjngguidc.pdf 

45 As noted in the £oolde article: 

"One way to improve performance and make it more predictable is (o 
minimize the varinbility introduced by long trips across the Internet from the 
content source lo the user's bro>vser. By storing IrequcnUy accessed content at 
50 . a location closer to the user, a greal deal of latency and unpredictable delay in 



(32) 



JP 2004-504681 A 2004.2. 12 



prmt.tii/OMJi 



the Interact can be eliminated The technique for doing ibis is called caching 
Caching is a means of storing content objects from a Web semer closer to the 
user, where they can be retrieved room quickly. The storehouse of objects, 
including text pages, images, and other content, is called a Web cache 
5 (pronounced cash)." iGqiUo' .c, pogc 2) 

Caching is an uppruuch that improves Qo3 tar users while improving (he 
economics for network service prvviders. Caching entails storing .frequently 
accessed Web content closer to users, thereby reducing the number of hops 
10 that must he traversed in order retrieve content thnt resides on a remote site. 

CQuyide,r»ge8) 

In operation, requests tor content originate from a user's browser and arc first 
directed to the caching server. If the content is currently contained in the cache 
15 and is up to date, the content is sent lo the user without the browser 's request 

having to be sent on lo the originating server. This can reduce die latency for 
the transfer of content and reduce the amount of time it takes to traosfer the 
content to the user, 11 also reduces tho amount of data the service provider has 
to retrieve upstrcum from the Internet to iuKill requests. (Gouldc. page g) 

20 

Caching is a concept that is well understood in computer hardware design. 
Modem microprocessors employ on-chip caches of high-speed memory lo 
store frequently used instructions ami dida locally instead of having to read 
them from slower memory. Computer* implement several additional levels of 

25 caching, inchidijig RAM cache and even on-disk cache, all designed to reduce 

the latency foe reading instructions end data and speeding op the transfer of 
data within the system. The bask principle behind caching is lo store 
frequently accessed data in a location that con be accessed more quickly than 
it couM from the data's more permanent location. In the case of a system's 

3D CPU; the permanent location is the disk. On the Web, the permanent location 

is the origin server somewhere out on the Internet. (Gouldc . puge R-9) 

Network caching, while a newer concept, is based on exactly the same 
principle and has the same benefit of cost-effectively improving the user 
33 experience. (Oootde. page 3) 

"Caching provides direct benefits to the end user in terms of rednecd latency 
of Web page download (the lime you have lo wart before anything starts to 
happen) and faster download speeds (the time it takes for all tbe downloading 

40 to finish). But caching also provides benefits to network service providers. By 

storing, or caching, Web content that \rsers request from remote servers 
locally, fewer of these requests hnvc to be sent out over the Internet to he 
fulfilled. As a result, the access provider maintaining a cache has its upstream 
bandwidth requirements reduced. This reduces tho bandwidth the service 

<.1 provider lias to purchase in order to provide its customers with a satisfactory 

Web experience. (Oouldc. page 3) 

"Caching also provides several benefits in a Web hosting environment in 
which an access provider hosts Web sites for many customers. It can reduce 
50 the impact of traffic spikes caused by high-interest contcnl and also serve as 
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the basis for a variety of value-added services, such as providing additional 
capacity, guaranteed service levels, and replication services. fGtxddc page 3) 

"[Caching] network data makes it possible lo provide users with on optimal 
5 experience und predictable rcrponse tiroes. With typical cache hit rates, the 

user experience has u higher quality of service (QoS). Improved QoS provides 
rigruficant benefits to ISPs, content providers, and corporate sites. Bcucr QoS 
results in higher customer loyally and retention. It helps create a stronger 
bmml equity, both for the access provider and far content providers. Content 
10 providers who ensure llttt their content is amply cuched throughout the 

network , close lo users, will ultimately see more visitors accessing their 
content. (Ooulde. page 5) 



"Web browsers also implement a form of caching, storing recently accessed 
Web content on the user's bard disk and reading from that local cache affiles 
instead of accessing the Internet. This works well when the user hits the 
'Back" and "Forward" buttons in their browser during a session, but it docs 
nothing if the user is browsing a site for the first time. fQouldc , page 9) 

"Neither the browser's cache nor a Web server's cache can address network 
performance issues. By placing a cache of Web content on the network 
between the user and ibe originating Web sites, the distance that commonly 
accessed content has to travel over the Internet is reduced, and users 
experience quicker response a ad faster performance. Network caching takes 
advantage of the fact that some content is accessed more frequently that oilier 
content, iiy implementing o caching solution, network service providers can 
provide » better Web experience to their customers while reducing the tottd 
requirement for high- bandwidth connections to the Internet. (fi>oldc P page 9) 

"When a caching solution Is not in place, requests for content from a browser 
and the content delivered from the origin server must repeatedly traverse a 
complete trip from tbe requesting computer to ibe computer that has the 
content. Tbe Web browser sends a request for a Uniform Resource Locator 
(URL) that refcra to a specific Web page on a particuiar server on the internet 
The request is routed to the server through the normal TCP/IP network 
transport. The content requested from the Web server (also known as an HTTP 
server) may be a static HTML page with links to one or more additional files, 
including graphics. The content may also be a dynamically created page that is 
generated from a search engine, a database query, or a Web Application. The 
HTTP server returns the requested content to the Web browser one QJe at a 
time. Even o dynamically created page ofien has static components that are 
combined with the dynamic content to create the final page. (fiouldc page 
13) 

"When caching is used, frequently accessed content is stored close to vV user, 
it may be stored inside a firewall ou the userts corporate LAN, at the user's 
ISP, or at some other Network Access Point (NAP) or Point of Presence (POP) 
located closer to the user than the majority of Web servers. If the requested 
content, or file, rs located in the cache and is current, or fresh, that is 
considered a cache hit. The more frequently user requests can he served from 
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(be«c caches, the higher Ihe hil rate, the better Ihe user 's perfrmnancc, and the 
less dutn ihe service provider bus to retrieve from llw Internet on behalf of the 
user. fGouldc. page H) 

> "Similar issues exist for Fl P File transfers, with nn FTP server handling each 

request for u file submitted by the FTP clienl application. Delays and 
bottlenecks can be u bigger problem with FTP because Ihe typical size of a file 
transferred by FTP U larger than a typical HTML file. Streaming audio and 
video are additional examples of an Internet application that can benefit from 

10 cacbuig content close to end users. (Oonlde . page 1 4) 

"Network caching can be applied to content delivered over many different 
protocols. These include HTTP, NNTP, FFP, RTSP, and others. AH one 
cliaractcrized by having some proportion of static con tart ami high utilization. . 
15 Cache server support /or each protocol is, of course, required." (page 14) 

•Since the caclic nwsl be kept fresh, there will still be traffic from the ISP out 
to the Interact, even if every bit of content requested by users is in d cache 
Page freshness has to be assured, and new content must be downloaded But 

20 by using caching, bandwidth utilr/alion can be optimized. It is even possible to 

use a cache with dynamic content, since even these pages have some static 
content that can be served from a cache. Depending on the distribution of 
traffic and Ihe scalability of the cache, up to 40 percent of user HTTP requests 
can be taken off (he network and served from ft cache. This makes networks 

35 more efficient, enabling better performance to be offered at lower cost." 

igottlde. page 14) 

The Gould article discusses the effective use of caches, load balancing, where to locate 
caches in the infrastructure, and designing cache- friendly web content. There is also 
30 mention of protocols which have been developed - for example, Web Cache Control Protocol 
(WCCP) (page 18). There is also discussion of appropriate use of the "expire" and "max- 
age" headers in Ihe HTTP protocol (Cjouldc , page 27). And, as expressly stated by Gould, 

"With good design even djTramicany generated pages can benefit from 
3 j caching. By separating the dynamic content of a page from the stalk: content, 

the static content can be cached and the dynamic content retrieved and 
downloaded separately. (Goulde. n*Gc28; emphasis supplied) 

It is Ihcrcfoie known to cache static data from Web sires using a dedicated computer's RAM 
10 and hard disk, so that this comptUer can act as a proxy between the WWW ("web") servers 
and their users. Several requests for a given Web page cm then be served at the cosl of a 
single request to the original Web server. lutornet Service Providers (ISPs) commonly 
provide such a caching service to their customers. However, this technique suffers fiom two 
main drawbacks; 

45 - it is noi applied globally, and even users of the Web sites who have access lo a cache 

have to deliberately activate this feature, of which they are often noi aware; and 

- il docs not apply to pages which change very oil en, as is the case with dynamic 
conlcnt (content which is generated on-thc-fly by the remote server). 

50 There therefore exists a need for the caching of dynamic content, as well as sialic conlcnt. 
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Clorsnry/DeflnUlo/a 

UjiIcm ollierwise noted, or .is may be evident from the context of iheir usage, any terras, 
aWncvt«Uons, acronyms or scientific symbols and nutations used herein arc to be given their 
3 ordinary meaning in the technical discipline to which the invent iou mosi nearly pertains. The 
following glossary of terra Is intended to temil clnrity and consistency to !he various tlestriptions 
cootouRxl herein, as well as in any prior rut documents which may be cited: 



10 Cache Server A highly optimized, application that stores frequently accessed content 

at strategic aggregation points close lo the users requesting that content 
in order tn reduce the impact of delays and network bottlenecks. 

CARP Cache Array Routing Protocol. A protocol for synchronizing 

15 multiple cache servers. CARP maintains u shrtred namespace that maps 

any Web object's address (URL) to only one node in Ihe array. 
Requests are routed to that node. 

Cookie The most common meaning of ,4 Cookie** on the Internet refers to a 

20 piece of information sen! by a Web Server to a Web Browser thnt the 

Browser software is expected lo save and to send back lo the Server 
whenever (he browser makes additional requests from the Server. 
Depending on the type of Cookie usod, and the Browser's Bettings, the- 
Bruwser may accept or not accept the Cookie, and may save the 
25 Cookie for cither n short time or a long time. Cookies might contain 

inforroaiion such as login or registration information, online "shopping 
cart" information, user preferences, etc.. When a Server receives a 
request from a Browser (hat includes a Cookie, the Server is Able to use 
the information stored in (be Cookie. For example, the Server might 
30 customize what is sent back to the user, or keep a log of particular 

n*cr\'» requests. Cookies arc usually set to expire after a predetennined 
amount of time and are usually saved in memory until the Browser 
software is closed down, at which time they may be saved to disk if 
their "expire time" has not been reached. 

35 

Dynamic Content "Live* content which is updated on a regulur basis. Examples of 
dynamic content might include a "current temperature" display on a 
weather web site, search result*, or a "Current Top Headlines" item on 
a news web site. 

■10 

HTTP Server A server that implements the HTTP protocol, enabling il to serve Web 

pages to client agents (browsers). 11TTP Servers support interfaces SO 
that Web pages can cajl external programs. They nlso support 
encryption mechanisms for securely exchanging information und 
<i5 autnenlkiition and access control mechanisms to control access to 

content 

ICP Internet Cache Protocol. A protocol for synchrorri^mg multiple cache 

servers. Each time a enche server experiences h miss, it broadcasts 
50 messages lo all peer nodes .iskmg whether each has Ihe content. The* 
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requesting server I hen must Issue a request for the content and forward 
it on to the user. 

Proxy Server A pi uxy server Otis ox an intermediary between a user ;md Ibe Interne! 

.5 so an enterprise can ensure security and administrative control and nlso 

provide a caching, service. A proxy server is usually associated with or 
part of a gateway server thai separates the enterprise network from the 
outside network or a firewall that protects the enterprise network from 
outside intrusion. 

10 

Routers Routers are Ibe devices that build a fully interconnected network out of 

a collection of point-to-point links. Routers un the Internet exchange 
uiformation pertaining lo their local section of the network, particularly 
how close they arc topological^ to local systems. They collectively 
1 5 build a map of how 1 o get from any point in the bnenwt to any other. 

Packets arc routed based oo the exchanged mapping information, until 
the Just router twicers directly lo the target system. 

Static Content "Fixed" or lung-term ttnehftirgjilg component* of *veb pages stored as . 

20 files that nre cither never changed or arc changed only on an infrequent 

basis. 

Switches • High-speed network devices that typically sit on the periphery of the 

lrtfen**. Switches differ from routers in providing higher performance 
25 at a lower price but wilh limited functionality. Typical switches can 

route traffic locally but aren't concerned with complexities of routing 
found in the high-speed Internet backbone. Switches piny an important 
roJe in caching because Ihey are often used lo divert the envheubtc 
traffic to the caching system. 

JO 

HTML Iryperfext Markup language. A specification based on Standard 

Generalized Markup Language (SGML) for tagging text so that it may 
be displayed in n user agent (browser) in a standard way. 

JJ HTTP Hypertext Transmission Protocol. An appjication-tevel protocol thut 

runs on. top of TCP/IP, which is the foundation for the World Wide 
Web. 

JP Internet Protocol. Ihe network layer for the TCP/IP protocol suite. It is 

40 a connectionless, best-efTort, packei*witching protocol. 

IP Address A 32-bit address defined by the Internet Protocol that is usually 

represented in decimal notation. It uniquely identifies each computer 
on the Internet. 



Protocol An agreed-upon set of technical rules by which computers exchange 

information. 

UKI . Uniform Resource Locator. The method by which Internet sites are 

addressed. U includes an access protocol and either im TP address or 
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DNS name. An cxampJe h h1tp://www.doniuin.cwn. 

Usenet. Short for User's Network. A collection of ten* of I housonds of bid I rtin 

boards residing on the Internet. Each contains discussion groups wiled 
newsgroups dedicated to various topics. Messnges arc posted anil 
responded to over the Network News Transfer Protocol (NNTP). 

Web Server See HTTP Server. 
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1IMEF DESCIUPTION OK THE TNVT-NTiON 

An object of the invention 1o pivvkle a technique foi reducing bandwidth usage of WWW 
servers and improving the QoS of WWW sites. 

5 

According to the invention, a technique for caching objects having dynamic content on the 
Internet generally comprises disposing a cache in the Internet for storing uixJ updating copies 
of dynamic conlenU The cache may be disposed al n locution selected from the group 
consisting of major Internet switching locations, dial-in aggregation points, At*3 corporate 
10 gateways. The cache mny also store and update copies of static content. 

According to n feantre of the invention, update characteristic* of the objects are determined, 
ami a time to live (TTL) parameiei for the objects is adjusted based irpon the update 
characteristics. Generally, the object is updated if its TTL is less ihnn its n«w. The TTL for 
15 an object may be a<(j"Stcd to: 

(i) maintain its probability of error below a predetermined error probability threshold; 
(ji) maintain its error rate below a predetermined error probability- threshold; or 
(uT) maintain its delay time below » predetermined delay threshold. 

20 According to the invention, a method Of responding to o usct request for an object having 
dynamic content, said object originating from a server, comprises storing a copy of the object 
in a cache; establishing a time to live (TTL) for the object; receiving the user request at the 
cache; 

fulfdling flw user request with the stored copy of tlx object if its TTL is greater than Us age; 
25 and fetching an updated copy of the object and responding to the user request with the 
updated copy if the TTL of (1 its stored copy is less thun its age. 

According to a feature of the invention, ibe TTL for the object is first set to a reasonable 
lower limit (Tmin) and is then adjusted based on the frequency ul which the object actttally 
3(> ctonges. 

According to n feature of the invention, each time the cache fetches (tie object from the 
server, the cache performs tho following procedures: 

a. if another fetch for the same object is ongoing, waiting tor the previous fetch to 
35 complete; 

b. fetchu^trw object Groai the server, 

e. replacing the cached copy, if present, by the fetched object, after having compared 
thero to determine whether the object had changed since it was lasl fetdied; 

d. initializing or updating the objects change statistics accordingly; 
40 e. marking the obj ect as static or dynamic cootem" depending on the server's reply; and 

f. if the object is dynamic, setting its TTL (T) to an appropriate value with respect to 
an overage .time between changes (t) determined from the object's change statistics, the 
number of user requests per time unil (n) determined from the objects access statistics, and 
one of the following procedures (A-E): 

45 A. maximum error probability; 

B. maximum error rate; 

C. maximum delay; 

I), any combination of the above (A.B.C), taking the lowest T; or 
£. any combination of the above (A,B,C), but keeping T within a predetermined 
50 window of "reasonable" values bounded by renin and 7max. 
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Preferably, the caches arc dedicated machines and ore plnced so thai Web browsing passes 
tlirough (he cache instead of going all the way to (he origine! dies, in many different 
locations, ideally within the nerwork oflSPs providing (he Internet connectivity to (he highest 
5 number of users in those locations. In Ihis mn finer 

- Ihc users of those ISPs and, to n ksscr extent, neighboring ISPs, will enjoy a huge 
QoS and speed improvement, for most of the traffic wilj stay within or close to the ISPs' 
internal networks un J nut need to go through the higbly-londed Internet backbone; and 

- the original web-sites will no longer need as much bandwidth, since the caches will 
to absorb most of the load. 

Since marry vrcb-sitcs tend to serve all-dynamic content, dynamic content will be cached, cts 
well as static content. However, it is not merely a matter of the caches remembering the 
content, as there is do indication as lo when the latter is going to change. Hence, it needs to 
IS be reloaded, periodically, instead uf simply serv ing the cached copy. 

Therefore, die cache reloads a page (fetches nn object from tire server), whenever its 
corresponding cached copy has not been rcfrcslted for a given time (time to live, "TIL"). 
TTL can be thought of as the "shelf life" of the page. The cache first, sets the TTL for a 

20 dynamic object to a reasonable lower limit T«i». Then, ova time, as the cache reloads the 
page several times, it can track the frequency at which the page actually changes content, and 
adjust the TTL for that page accordingly. This TTJ/ tecJuuque mimics a common caching 
method for static pages, if the original server of the page specifics a TTL* But since servers 
for dynamio pages do not specify a TTL for them, the cache has to establish a reasonable 

25 TTL of ite own accord. 

Iherefore: 

- whole web- sites can be cached, including their dynamic content; 

- uaflfc between caches and the original sites is better managed; 

30 - while some users might gel an outdated content, in the case of a page changing 

before the cache reloads it, it is possible lo limit the delay between the two (which could 
huppen anyway widjout (lie enchc, when the nerwork gets saturated) as well as ihe error 
probability; 

- the system can adapt, in real time, according to the number of requests to each page 
35 and the actual update Aequency of the page. 

Other object 1 }, features awl advantages of the invention will become apparent in lighi of the 
follovvmg description thereof. 
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BKiEF DESCR IPTIO N OF THE DRAWINGS 

Reference wiJl be omde in del nil to preferred embodiments of the invention, examples of which 
may be iltusimted in the Rrcornparfying drawing figures. The figures iire intended lo be 
illustrative, not limiting. Although ll>c invention is generally described in the context of these 
5 preferred embodiments, it should be understood that it is not intended to limit the spirit and 
scope of the ioventirm lo these pari ieujar embodiments 

in flowcharts presented herein, reefanguiar boxes generally represent a sequential step being 
performed, a generally rectangular box with pointed ends represents a tleeision step (lesi) 
to having rwu mutually-exclusive results (" V^Yes; "N^-No), and an empty circle is not a step or 
a test, but is merely n graphical junction point at which two or more paths in uV flowchart 
converge. 

The structure, operation, and advantages of the piesent preferred embodiment of the invention 
J 5 will become further apparent upon consideration of the following description, taken in 
conjunction wilb (he accompanying figures, wherein: 

•Figure 1 is a greatly simplified schcrrutlic illustration of Ore Internet, illustrating on 
embodiment of the caching system of the present invention; 

20 

Fignr* 2 in q flowchart ilhistrating how user requests for static and/or dynamic content are 
handled by (he cache, according to (he invention: 

Figure 3 is a graph illustrating an average error probability, according to an analysis of the 
2S invention; and 

Figure 4 is a graph illustrating the evolution of error probability, according to an analysis of 
the invention. 
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DKTAUJ.D DESCRIPTION OF THE INVENTION 

Feguro 1 is a greatly simplified schematic illustration of the Internet environment, illustrating 
an embodiment of the caching system of the present invention. General])', a user 102 makes 

5 ii "request" for tin "object* (e.£, ?i Web page) which is made available on the Internet by a 
server (e.g-, ISP) J 04. fTlw object typically originates at a co/itent provider, not shown.) A 
switch 106 interfaces a cache (cache server) 108 to the Internet. The cache may con tab a 
copy of the Web page. There fire two possible 'responses" to the user request - either the 
server "serves'* (or "services'") the request, or it is •fulfilled'* in the cache. In the totter case, 

10 the content must tlrst have been "transferred'' to tho cache, which may periodically 'fetch" (or 
"reload") updated Web page content from the server. These terms will be adhered to, to the 
extent possible, to the discussion that follows. 

As discussed in the Goukle article (tgi page IS, Illustration 4), the switch 1 06 mny be a 
)5. higji-pcrforrriance processor that can look at network traffic aod ma ke rou ting decisions based 
on protocols above the IP level. As a result, the switch can direct HTTP (and other) traffic to 
caches (1 08), nnd send the rest of the traffic directly to the Internet. Tbi* is exemplary of 
one of a number of possible system architectures. Which architecture is used depends ou 
several factors, including where the cache is implemented, the primary purpose of the cache, 
20 and the nature of the traffic 

As further discussed in the Coulde article: 

"Caches can either be deployed in a transparent or nonrransparent form. A 
25 nonlransparent cache is explicitly visible, nnd browsers or other caches that 

use the cache are overtly configured to direct traffic to the cache. In this case, 
the cache acl.s as a proxy agent Tor the browser, fulfilling requests when 
possible and forwarding requests to the origin server when necessary. 
N on transparent caches are often a component of a larger proxy server acting 
30 as part of a gateway or firewall and addressing many different applications." 

(fjouldc, pages 1617) 

A transparent cache sns in the network flow tmd functions invisibly to a 
browser. For ISP and cnterpiise backbone operations, u transparent 
33 configuration is preferred because it minimizes the iota) administrative and 

support burden of supporting users in configuring their browsers to find tho 
cache. (fJouldc. paac 17) 

Caches should be implemented uansptucntly to maximize the benefits of 
40 caching, A iionlronsparent implementation requires having browsers manually 

configured to direct their requests for conienr to the cache server. In a 
transparent configuration, cache benefits are delivered to clients without 
having tu reconfigure the browsci. Users automatically gain the benefits of 
caching. (Goulde . page 17) 

45 

In an enterprise environment, transparency can be implemented cither through 
automatic browser configuration or by intercepting traffic on the network- 
Both "Netscape and Microsoft provide utilities for centrally configuring large 
networks of browsers and for customizing browser configurations being 
50 installed on users' PCs. Browser plug-ins can also provide automatic 
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configuration. Although this approach is trunsparent 10 the user, il does 
require odminiblr.il ivc effort un an ongoing basis. (GpjiUle. pnge 17) 

There arc several options for providing transparent caching: 

- The cache can be configured as if it were a rooter so that all rnleniet-based 
tmflic is aimed at it. This is a transparent configuration thai requires no 
configuration of the browser; the browser or downstream cache is unaware w f 
the cache's existence but still benefits from it. Hie downside is that the system 
on which dw cache resides has to devole some of its resources to routing, ond 
the each* becomes a mission-critical part of the network- Sophisticated router 
configuration with policy-based routing can minimize sonic of these issues by 
only directing HTTP (TCP Port 80) iraffio to the cache, bypassing the cache in 
the event of failure and sending traffic- directly to the Internet. (QrmJdc page 
17) 

- An increasingly popular option is to nse a Layer 4 switch to interlace the 
caclie to the Internet (sec Illustration 4). Inese switches, currently offered by 
Alteon, Foundry, AnowPoint, unci others, are higb-performancc processors 
Ibat cart look at network iraflic and make routing decuaons based on protocols 
above the IP levcL At a result, the switch can direct HTTP (and other) traffic 
to the caches and send tbe rest of the traffic directly to the hit erne t ... f I'jhc 
switch can parse the HTTP request and send the request to a specific node in a 
cache farm based on the URL requested. Using an intelligent switch keeps 
unnecessary network traffic off tbe cache, simplifies designing for availability, 
and distributes loading on the cache farm based on specific URLs. fGoul de. 
page 18) (An architecture similar to this one is described hereinabove with 
respect to Figure 1) 

- Another option for transparency is tbe Web Cache ConlroJ Protocol 
I WCCP). WCCP W3S developed by Cisco Systems to allow Web caches to be 
transparently installed in networks usiog Cisco IOS- based route/a. Wilh 
WCCP, HTTP traffic Is redirected to the Web cache instead of the origin 
server. WCCP does not require any changes to the network architecture, 
thereby simplifying the impiementutiwn of transparent Web caching. fOouldc. 

' page 1 8) 

- Web Pmxy Autodiscovcry Protocol (WPAD) is a new proposed standard 
protocol, which, when integrated with browsers, streaming media clients, and 
other Internet client software, it designed to automatically locate caches and 
services on the network without requiring any configuration by end users. 
WPAD provides u flexible, vendoi-nculiaj soflwure nlternntivc to existing 
cache transparency solutions tiiat utilize routing or swirching equipment In 
the future, WPAD-enablcd client software will automatically connect users 
with embedded network sendees in their region, providing simplicity for botb 
users and the network providers that tie ploy these sen-ices. (Gouldc . pages 



Caching systems can be used to optimize tbe performance of a Web server site 
us wej) os to speed Internet noccss for Web browser users. In a reverse proxy 
configuration, the caching system ail* in front of one or more Web servers, 
intercepting intfffc to those servers and stamling m, or proxying, for one or 
more of tl>c servers. Cache servers can be deployed throughout a network, 
creating a distributed network for hosted content. When necessary the proxy 
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cache server will request gnomic end oilier short-lived content from the 
origin servers. This enables cosotenl from ibe Rite to be served from a local 
cache instead of from Uw origin server. The proxy server am be optimized for 
high performance, efficient operation, conserving resources, trod off-loading 
5 the origin server fro/rt serving static content. Reverse proxy caching provides 

benefit* to tbc access provider as well as to tbe user. Those benefits inehide 
the ability to enable load balancing provide oeafc-dcniand insurance to assure 
availability, and provide dynamic mirroring of content for high availability. 
(Qooldc. page 20) 

10 

There ore three general characteristics that describe where caches are best 
located on n network: 

- Choke Points in the Network 'I rafTic There we locations where a forge 
majority of network traffic posses and is therefore visible to ibe cache server. 
15 This allows the enche to handle more requests and store more content than ir 

located somewhere that can be easily bypassed. 

. Points with High-Network Load. High traffic conditions fttlnw higher 
cache utilization imd therefore greater hentttte can be achieved. 

• Locations that Produce Greatest Economic Benefits for a Gtcbe. Points 
20 wbere users will benefit from high cache bit rotes while also reducing 

upstream bandwidth requirements will provide both QoS beneOts and 
economics tor tbe access provider, locations with these cliaractcristics ore 
typically found at major Internet switching locations, diol-m aggregation 
points, or corporal a gateways. (Gjmldc, page 20) 

25 

Locations with these characteristics are typically found nt major Internet 
switching locations dinl-io uggrcgation points, or corporate gateways, 
including: 

POP and DJAL-17P (sec Oould c page 21, Illustration 7) 
30 NAPS (see GooMc. page 22. Illustration ft) 

Satellite (sec Oouide. page Z2) 

International Gateway (see Couldc . page 23, IHustiution 9) 
Web hosting (see Goo Ida, page 24, Illustration JO) 
Last Mile (see Gooldc, page 25, Illustration 1 1) 
35 Corporate Gateways (sec Coulde. po^e 25, Illustration 12) 

A person having ordinary skill in the art will readily understand where to locate the cache(s) 
of the present invention in light of the description set forth hereinabove. Generally speaking, 
the cache of Ibe present invention can be located anywhere that there is (or could be) a cache 
40 serving stotio content, or it can be incorporated into an existing cache which tulJIIh requests 
for stotic content, with the additional fbocrionnlity enabled according to the techniques set 
forth below. Or, it con be provided as a separate, dedicated machine (computer). 

Figure 2 is a flowchart illustrating how user requests for static and/or dynamic content are 
15 handled by the cache. 

In a first step 202, for a user request for an object, the cache determines whether the 
requested object is in cache. If not (N), the user request is passed on to the server for 
servicing the request and meanwhile, in a step 204, the cache fetches tbc object from die 
50 server in anticipation of the next request for the object from the same or another user. 
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Generally, in this example, hJI reouests for objects are presumed to go through a cache server, 
which is Irjnspareul to the user. 1 1 intercepts information requests and decides whether it will 
provide a response from a cached loco) copy or from a re/no I e information source. After 
s fetching information from a local source, (be cocho server decides whether lo store it locally, 
and if so, for how long, A request for information which can be provided from a local copy 
is known as a "cache hit". Conversely, a request for information which is not stored locally is 
known a "cache miss". When Ihc slomge- determination algorithm is well-designed the 
probability of a cache hit » grctuly improved, and apparent response time to user requests 
10 (related to QoS) in reduced. Farther, every Information request satisfied by locally cached 
content (cache hit) reduces traffic on the external network, permitting shorter response times 
over the external network. 

]f the requested object is in the cache, it is next determined in a «tep 206 whether the 
1 s requested object is marked as static. If so (Y), it is I ben determined in a step 208 whether io 
update the cached copy or lo «e it lo fulfill the user request using any stumble standard 
algorithm for caching static objects, such as comparing the objects '•age* (the time elapsed 
since il has last been refreshed) to the TTL (if the original server of the pago specifies a 
TIL), asking Die server the latest modification time> etc). 

30 

If too requested object is in cache, and il is dynamic (N, step 206), it is detenmned lo a step 
210 whether the cached copy's TTL ("sheJflife") is less than its age. 

If the cached copy's TTL is less than (a lower number than) its age (Y, step 210), it is 
25 considered to be "stale", and in a step 2 12 the cache: 

updates the object's access statistics (number of user requests per time 
period - ItLst few minutes, last hour, etc.); and 

-- fetches the object from the original server. 

5ft It the cached copy's TIL is equal to or greater thnn its age (N, step 2 1 0), it is considered to be 
"fresh", and in n step 21 4 Ihc cache: 

fulfills Ihe request using the caclrcd copy, und 
~ updates Ihc object's ncccss statistics. 

35 Optionally, if the time difference between the cached copy's age ond its TTL is less mart a 
given time, and Ihe oimiber of recenl user requests is more than a given rate, it is considered 
lo be "aged" and "popolar", and the cache fetches the object from Ihe server in what is termed 
an 'anticipated refresh". 

40 Additionally, for each time the cache fetches an object from the server (see steps 204 end 
2 J2), the following procedures are performed by the cache, in a step 216: 

a. if another fetch for the same object is ongoing (e.g. due to n previous user request), 
Ihe cache warn for the previous fetch to complete, rather than duplicating it rcmicst; 
• b. fetches the object from the server, 
45 c. replaces its cached copy, if present, by the cp-to-daie objed. after having ewnpared 

them to determine whether the object had cljatiged since it was last fetched; 

d. initialize or update the object's change statistics (number of changes per time 
period) accordingly; 

o. row* the object as static or dynomic content depending on the original server's 
50 reply (presence of o modification lime, or of a nonzero TTL, etc.); • 
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f. if the object is dynamic, set its TTL (7) to the appropriate value with respect to the 
average time between chaises T (determined from the object's change statistics), the number 
of user requests per time unit rj (determined from the objects ucccss statistics), and a selected 
one of the following procedures (A-E): 

maximum error probability ( ). wlucb is the average lalto of the numbcT of 
requests fulfilled using a cached copy whose corresponding original object has clanged for 
more than a given time W, over the tote! number of requests 



g. maximum error rate ( no ), which is the overage number per time unit of requests 
fulfilled using a cached copy whose corresponding urigiaal object has changed for more than 
u given time fh 



H maximum delay ( I>p \ which is the average time between an object change and 
when the cached copy is refreshed; 

6/> t 



&. any combination wf the above (AAC), taking the lowest 7} or 

R any combination of the above (A,B.Q. but keeping T within a predetermined 
window of "reasonable" values bounded by 7mm and Jmax. 

In the above equations, the fol lowing parameters have been used: 
T is Time To live for the dynamic object; 

W is a given lime since the original object has changed (i.e., how long it is outdated); 
t is an overage time between changes, which is determined from the object's change 
statistics; 

n is number of user requests per time unit (e.g., frequency); 

po is maximum error probability, which is the average ratio of the number of requests 
fulfilled using a cached copy whose corresponding original object has changed for 
more than the given time W, over the total number of requests; 
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T] a is maximum error rate, which is the overage number per time- unit of requests fulfilled 
using a cached copy whose' corresponding original object bas changed for more than 
0k given time W\ 

J)o is maximum delay, which is the average time between ao object cJmnye and when the 
5 cached copy is rcfrcsJied. 

SeJt&Ing and Adjusting TTL 
A simple model, which takes no other parameter than the average thne between changes (x) 
of the object Is the exponential decrease model - that is, the probability thot the object dees 
i d not change during a time period of Jcn&tb t it considered to be ol'the fonn e \ It is, of 
course. I for*** 0, ami taxis to 0 as t tends to + («) 

Considering a situation with many user remiests, as compared to the refresh rate of the cached 
copy, so the cache wUI update at regular intervals, despite being user-d/Wen. 
15 ft, 

The moiters consistency is now checked, especially whether the average update frequency of 
a given object is I »' t. Let />', (0 be the probability that k changes ova a lime period of t. 
By construction: 



And.fcrA>0, p' % - {jWM-i-^V^* 1 *- 



(the probability thot k changes occur over [0:1 J is the sum over « of the 
probability that A - 1 changes occurred between 0 and h, that there was a 
clrange between u and rr+il«, find none between it+du and t). 

One can deduce by recurrence that: 



ill 
JU1 



J3 
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Now the overage number of changes over n lime period of / is (by definition of averaging): 

/-a 1.1 

--mm 



5 Hence, ihc changes do hove an Bvcroge frequency of 1/ %. 
Average erro r probability 

The error probability is defined as being the percentage of cases where the- user receives the 
cached copy whereas the object has changed on the oriftina) server, and ihe cached copy is 

to outdated by more than a given time W. Figure 3 ittustrates the percentage (vertical 
axis, in percentages) versus time (horizontal axis, ia seconds) for instance, with t - 

60s, and r- 30s. Tbc graph illustrates Ihc probability thai the cached copy is "stale' by more 
than W seconds. In the graph. If is 1 5 seconds, so the probability Is zero between 1 and 15 
seconds. Then, the probubilily rises until 30 seconds, when u re-fetch occurs [T- 30s), os 

\> illustrated buy the sawtooth, pattern 302. Tbb pattern repeats itself every 30 seconds. 
Between 30 and 45 seconds, the probability is agotn zero, and a re-fttch occuis at 45 seconds, 
and the probability rises until 60 seconds, as illustrated by the sawtooth pattern 304. A 
similar result is showo by Ihe sawtooth pattern 306 belvreen 75 and 90 seconds. 

20 Given that tho cache is supposed to update the copy of the object at regular intervals, the 
calculations can be performed over a time interval [0;TJ. 

The average time £ within Ihe interval during which the content is uotdaled b the sum over 
all intervals [ir, tr+d/»] of Ihe probability that fhere was no change between 0 and u, but that 
25 there was a change between u and uhl«, multiplied by the length of time during which the 
content remains outdated by more jhao W. That is: 
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* r r 

£ = (7--^)-t(1-^) 



or.wrih n = 



*=r(a-l + f-) 



From ihis, the error probability can be deduced as: 
Par t.j = L[ci 



Eflsinr-to-hstnillc bminds can be catcutaletl by Jetting: = SL + 0 _ j 4 c -» 

15 f> 2 



Its derivatives aic: ■ ~- - a 4 I - e 



P"(a)=J-e- 

Simx F(0) * P(0) = FXO) - 0, and F"(n) is positive f« any a >= 9, F(&), «d. 
ultimntdv, I ; (U) are os well. So: 
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There are better, easy-to-find bounds for ibe case of tr>=l . but lhat is noj an interesting case 
(T-W >■* t). Hence: 
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Mraimnl TTL lo ei^re a given error proMrilifr 

An upper bound should beset oo TTL which still ensures that the error probability is below a 
given threshold p». 



Far £ pO <=™<a-l+OSj>d 



7 2 

[T-wy 
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Therefore, an acceptable TTL 



FC"l7fM>f/DM5l 



7' = (fKir^> 



MaximuiTTL lQgi 
10 This is the same as for the enrr pobubiiily, replacing^ by «o / n is: 











✓ > 


i 


I- 


w 












\ n ) 





25 Ihcrefore, an jjcveptablc TTL is: 



r.(r + ,A) 







7 


If 























35 Average d elay fur a luvtn TTL 

It is weft) to consider the avenge delay I) between the cached copy and the original object 
in the case where the latter has changed during n given interval. First, calculate* <M{tf) > 
which is the avejnge delay knowing that the change ocenrrf d al a time a between 0 and T. 



40 



T J 
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From this, the overall delay <&r> can be deduced by integrating <&t{u)> times (he probability 
that a change occurred between « mvl « ► d *r, over [0;7}: 



« ■ r 2T 

4{(iJ- 2 i-<^-0j 



25 Since the <A*> calculation Joes not take into account that there has been n change within 
[0;T) t it should be divided by the corresponding probability to gel !>-. 
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andsince: + a - i + c -*0 

6 2 

and: — -a +!-<?" S 0 



5 

then: 



d - 1 T> l f r Y 



7n order to I imit D to J?» t a I'fL should be chosen, roch as: 
20 2r 

T T 
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From Die above, the following tables o/ T)"L (F fs)) venws a number of error probabilities 
for variotw values of T and FFcan be derived: 
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^ = 7s,T-60s 
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Ficm the above, the following conclusions can generally be made. 

{0 the probability of the retrieved information being "stale" (older than W) is essentially zero 
for values of T(s) (Time to live) less (hao or equal to W and increases with incmuang TT>) 
according to a decaying exponential, approaching 100% probability of error at infinity. This 
observation that Uhj enw probability is zero for values of T(s) less than oi etrtwl lo W ii 
esscuUaJry a "trivial" result, since it is clear thtil no information can he older than W if it is 

15 updated more fretruentfy than W. Clenjly, however, the average update interval t has ft 
significant cJTect on bow steeply the error probability climbs for values of T(a) greater lhan 
W. The greater the average update interval t with respect to W. the less sharply the error 
probability rises with increasing values of T(s). 

20 Figure 4 is a graph 400 illustrating the evolution of error probability p m (vertical axis, 
expressed as a percentage (%)), as <i function of the TTL (in seconds (s)) for various values of 
x (W -15s). The fine 402 is for x = 20s, the line 404 is for t = 60s. the line 406 is ibr t = 
300s, and the tine 408 is for T - 600s. 

25 A graphical illustration of a technique for choosing a TfL to maintain error probability 
belyw a threshold vatue Qqis obtained by identifying the value of g^oti flic vertical axis of the 
graph 400 end following an imaginary line horizontally hctoss the graph 400 to where it 
intersects the curve (402,404,406, or 40S) for the appropriate value of t. By way of example, 
if an error probability threshold value of 10% is chosen, (hen the TTL for t - 20s (line 402) 

3ft is a little under 30 seconds, for t - 60s (line 404) it is about 35 seconds, for t = 300s (line 
406) it is about 85 seconds, and for i « 600s (line 408) it is about 150 seconds. 
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By deploying caches for static and dyrwrijc content at npproprinle locations in the Interact, 
and by selecting appropriate tipdale characteristics for cached dynamic content as described 
hereinabove, effective user response tinges to both dynamic and static content can be reduced 
while simultaneously reducing congestion on the external network (i.e., the Internet). 

s 

The first time an end user (110) receives a web page, the web page may optionally plain a 
cookie io the user** browser, lliercaflcr, every tijne the end wsct .accesses the web page, the 
browser sends the cookie along with Hie access rciniest. The cookie tolls fhc server (104) 
what the raver wants (or need*) to know about the end user, in addition to simply the fncl 
10 that the user wonts to retrieve the web page, /or example, if the web page is a persona tized 
web page of a single end user, the server knows the end user's preferences. 

According to u feature of the invention, the cuebe (108) con look at the cookie and see rf the 
requested web page is h pereonaiiied page of a single end user, oi if tha cookie indicates the 
IS access request is corning from a global end user. If the requested wrb page is a personalized 
web page for a single end user (or if there is souu: other nriiartioo thai (he web page h 
supposed to be modified each time that it is accessed), then the web page should not be 
* cached. This can be accomplislwd by setting 1TL = 0. Else (eg., global end user), TTL is 
simply set as described hereinabove. 

20 

Although the invention hus been described with respect to a Untiled number of embodiments, 
it will be appreciated that mtmy variations modifications and other applications of the 
invention may be made, and are intended to be within the scope or the invention, as dijekred 

25 
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CLAIMS 

What is claimed uu 

1 . System for caching objects taving dynamic content on the Internet, comprising: 

a cache connected in the Internet foi storing and updating copies of dynamic content. 

2. System, According to clai m I , wherein : 

th* cache is disposed at a location selected from the group consisting of major IntemEt 
switching locations, dial-in aggregation points, and corporate gateways. . 

3 . System, accord i ng to claim 1 , wl>erem: 

the cache also stores and updates copies of static content. 

4. System, rtccoKting io claim 1 , further comprising: 

means for monitoring we or more of the objects to delermine update characteristics 
thereof; and 

means for adjusting a time to live (TTL) poramclcr for the objects based upon Ok: 
update cbarecicristics. 

5. System, according to claim 4, further comprising: 
means for determining an age of un object; and 

means for updating the object if ihe TTl. for the object is less than it » ftge. 

6. System, according to claim 5, wherein: 

the TIL for each object is calculated ncconling to an average time of changes for the 

object. 

7. System, according to claim 4, further comprising: 

means for determining a probability of error for «ich of the objects; and 
means for adjusting the TTL fox each of the objects to maintain its probability of 
error below a predetermined error probability threshold. 

8. System, according to claim 7, wherein: 

the TTL for each object is calculated according to the equation: 




wherein: 

T is ihe Time To Live, for me dynamic object; 

W is a given time since the original object has changed (i.e, how long it is 
outdated); 

l is an avejage time between changes, which, is determined fjppi ibe object's 
change statistics; and 

po is nnwimum error probability, which is the average ratio of lire ourobcr of 

request fulfilled using a cached copy whose eorrespondiog original object has 
changed for mote thsn the given time IK, over the lotul number of requests. 
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9. System, uccording to claim 4, further comprising: 

means for determining on error rote for each of the objecls and 
means for adjusting Tf L for each of the objects to roainruin its error rale below a 
predetMuiined error probability threshold. 

1 0. System according to claim 9, wherein: 

the TTL for each object is calculated according to the equation: 



wherein: 

T is (lie Time To Live ibt the dynamic object; 

W is a given time since the original object has changed (i.e., how long it is 
outdated); 

T is bo overage time between changes, which is determined from the object's 
change statistics; 

n is number of user requests per time unit (e.g., frequency); and 

n 9 is maximum error rate, which is the average number per time unit of requests 

fulfilled using a cached copy whose corresponding original object has changed 

for more than the given time tV. 

1 1 . System, according 1o claim 4, farther comprising; 

means for determining a delay time for each of ibe- objects; and 

means for adjusting TTL for each of the objects to mwulain its delay time below a 

predetermined delay uueshold. 

12. System according lo claim 1 1 , wherein: 

the TTL for each object is calculated according to the equation; 



wherein: 

T is the Time To Uvc for the dynamic object; 

t is an average time between changes, which is determined from the object's 
change statistics; and 

Do is maximum delay, which is the overage time between cm objecl change and 
when the cached copy is refreshed. 

1 3. System, according lo claim A, further comprising: 

means foi determining at least one object characteristic selected from the group 
consisting of error probability, error rate and delay time for each of the objects; and 

roeans for adjusting TIL to maintain the selected object charuclrrlics below a 
respective threshold value. 




r 
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1 4. System, according to claim 1 J, further comprising: 

means for limiting adjustment of TTL for each of the objects to a range bounded by 
predetermined minimum (7>nin) nnd mmiimum (7max)vahie$ for'iTL. 

15. Method of responding to a wet request for information having dynamic corrteni, 
comprising: 

storing a copy nf tbc dynamic content in a cache; 
establishing a rime to live (TTL) for the dynamic content; 
receiving the ttser request at the cache; 

responding to the user request with the stored copy of the dynamic content if its TI L 
is greater than its age; and 

retrieving an updated copy of the dynamic content and responding to the user request 
with the updated copy if the TTL of (he stored copy is less than it< age. 

16. Method, according to claim 15, further comprising: 
storing a copy of static conicnt in ibe cache. 

17. • Method, according to claim 15, further comprising; 

determining an average update frequency for (he dyntirok content; nnd 
octcrmbiing the TTL for the dynamic content as a function of its average update 
frequency. 

1 8. Method, according to claim 1 5, farther comprising: 

d^errninbg an average update frequency for the dynamic content; and 
determining the TTL for the dynamic content as a function of its average update 
frequency and a predetermined error probability threshold. 

1 9. Method, according to claim 18, further comprising: 

adjusting the TTL for (he dynamic content according to a frequency of user requests 
for the dynamic conical. 

20. Method, according to claim 1 5, wherein: 

ihe'fTL for each object is calculated according to the equation: 




wherein: 

T is ihe Time To Live, for the dynamic object; 

W is n {riven time sinvc the original object has changed (i.e.. ho*v long it is 
outdated), 

T is on average lime between changes, which is detennined from the object's 
change statistics; and 

p9 is maximum error probability, which is the average ratio of the number of 

requests fulfilled using a cached copy whose corresponding original object has 
changed fax more than the given time W, over the total number of requests. 



21. 



Method, according to claim 15, wherein: 
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the TIL for each object is cylcnlaled according to the equation; 







1- 















wherein: 

T is 0>c Time To Live fur the dynamic object; 

W is a given time since the original object has changed (i.e., how long it is 
ooldiitcd); 

T is an average rinw between changes, which is determined from the object's 
change statistics; 

n is rrambcr of user requests per time unir (e.g., frequency); nnd 
n D is maximum error mtc, which is the average number per time unit of requests 
■ fulfilled using o cached copy whose corresponding original obj ect has changed 
tor more than the given time }K 

Method, uccording to claim 1 5, wherein: 

the TTL for each object is calculated according to the equation: 



0V 0 



1+3 



wherein: 

T is Ihe Time To Live for the dynamic object; 

t is an average time between chnnt^s, which is determined from Ihe object's 

. change statistics; and 
Da is maximum delay, which is the average time between an object change and 
when the cached copy is refreshed. 

23. Method, according to claim 1 5. wherein the infonmrtion is represented ns a web page, 
the method further comprising: 

a tirst time Ihe user receives the web page, the web page plants o cookie in the user's 
browser. 

24. Method, according to claim 23, wherein: 

every subsequent tine iho end user requests the web page, the browser sends the 

cookie. 



25. Method, according to claim 24, furtbsr comprising: 

the cache looks at the cookie and sec if the requested web page is a personalized page 
of a single end user. 

26. Method, according to clnioi 23. further comprising: 
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if the requested web jvogc b a personalized web page for a single end user, then the 
web page is not cached 

27. Method, according to claim 1 5 ; furlhei comprising: 

if the information is supposed in be modified each time it is accessed, setting TTL - 

0. 



28. Method of responding to a user request for on object having dynamic content, said 
object originating from a saver, comprising: 

storing a copy of the object in u cHche; 
establishing a lime to live (TTL) for the object; 
receiving the user request at ths cache; 

fulfilling the user request with ihc stored copy of the object if its TTL is greater than 
its age; and 

fetching as updated copy of the object and responding to the user request with Cbe 
updated copy if the TTL of the stored copy is less than its age 

29. Method, according to claim 28. further comprising, in the cache: 

rust setting the TIL foe the object to a reasonable lower limit (Tmin); and 
adjusting the TTL for the objeel based on the frequency nl which the object actually 
changes- 

30. Method, according to claim 28. further comprising: 

each time the cache fetches the object from the server, performing the following 
procedures: 

a. if another fetch for the .tame object is ongoing, waiting for the previous fetch to 
complete; 

b. retching the object tram the server, 

c replacing the cached copy, if present, by the fetched object, after having compared 
them to detennine whether the object had changed since it was last fetched; 
d. initializing or updating the object's change statistics accordingly; 

c. marking the object as static or dynamic content depeiKling on the server's reply; and 
f. if the object is dynamic, setting its TTL (f) to an appropriate value with respect to 

nn overage time between changes (t) determined from the object's change statistics, the 
number of user requests per time unit (n) determined from the objects access statistics, and 
one of Ihe following procedures (A -II): 

A. maximum error probability; 

U. maximum error rate; 
' C. maximum delay, 

1>. any combination of the above {AJJ.Q. taking the lowest 7"; or 
E. any combinacioo of the above (A,D,C), bin keeping T within a predetermined 
window of "reasonable" values bounded by T rain and Tmax. 

31 . Method, according to claim 28, wherein the information is represented as a web page, 
the method further comprising: 

a first time the user receives the web page, the web page plants a cookie in the user's 
browser. 



32- Method, according to claim 3 1 , wherein: 
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every subsequent tiroe the end user requests the web page, the browser sends the 

cookie. 

33. Method, according to claim 32, further comprising: 

the cache looks at the cookie mid sec if the requested web page is n persona! tied page 
of u single end user. 

34. Method, according to claim 3 1 . IWthw comprising: 

if the requested web page w a personalised web poyp for a single end user, then the 
web page is not cached. 

35. Method, according to claim 2 ft, further comprising: 

if the information is supposed to be modified each time it is accessed, setting 'ITL - 0. 
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